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Background: The styloid process (SP) arises from cartilage of the second branchial 
arch and tends to calcify during later life. If the length of the SP is more than 
30 mm, it can be considered abnormally elongated. Clinical symptoms associated 
with elongation of this type are defined as Eagle’s syndrome. The paper presents 
a case of an elongated SP in a modern skull from Puerto Cabello, Venezuela, 
obtained from a series of skulls of African slaves kept at the Department of 
Anthropology, Polish Academy of Sciences in Wroclaw. 
Matrials and methods: The skull belonged to a male individual, aged ca. 
55 years at death (maturus). In terms of basic anthropometric features it had 
slightly greater facial width parameters in comparison to the cerebral part, and 
a shorter length of neurocranium when compared to average values of morpho-
logical features in African skulls from Uganda. 
Results: Further macroscopic analysis revealed the presence of an elongated SP 
(ca. 70.1 mm) with secondary lesions remaining after a healed fracture. Imaging 
of the bone structure of the elongated SP was carried out using a computed to-
mography scan, with multilevel image analysis without contrast. The elongation 
and calcification of the left ligament in anterior orientation could have caused 
irritation to the structure of cranial nerves, running within the parapharyngeal 
space, and to sympathetic fibres running in the wall of cervical arteries. 
Conclusions: Analyses of craniological materials recovered during excavations 
or as part of old osteological collections are rare due to the fragility of this bone 
structure, and for that reason they may be a valuable source of information on the 
health status of historic human populations. (Folia Morphol 2015; 74, 4: 475–478)
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INTRODUCTION
The styloid process (SP) is an anatomical structure 
located on the base of the skull. A precise under-
standing of the mechanism of SP elongation and 
calcification requires knowledge of its embryogenesis 
[11]. During human development the SP, stylohyoid 
ligament, lesser horn of the hyoid bone and the supe-
rior part of the hyoid body are derived from Reichert’s 
cartilage, which arises from the second pharyngeal 
arch [11]. It composes of four parts: tympanohyal, 
stylohyal, ceratohyal, and hypohyal and tends to 
calcify during ontogenesis [2, 4]. The tympanohyal 
part forms the tympanic portion of the temporal 
bone and stapes. It creates the most superior part 
of the SP [4, 11]. The lower part of the SP and the 
upper part of the stylohyoid ligament stem are from 
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the stylohyal portion. That part may play a main role 
in elongation of the SP as a result of fusion between 
stylohyal and tympanohyal part [11]. The third por-
tion, the ceratohyal, degenerates in utero, giving rise 
to the stylohyoid ligament. The fourth and most distal 
portion is known as the hypohyal and becomes the 
lesser cornu of the hyoid bone [16]. The styloid part 
undergoes calcification in the first 8 years of life. If 
the length of the SP is more than 30 mm, it can be 
considered abnormally elongated [5, 9]. Elongation 
can be associated with excessive mineralisation of 
the cartilage, or may result from mineralisation of 
the stylohyoid ligament, connecting the apical part 
of the SP with a lesser horn of the hyoid bone [9, 14]. 
The elongation of the osseous part can be unilateral 
or bilateral, symmetric or asymmetric [3]. Clinical 
symptoms associated with the elongation of this type 
are defined as Eagle’s syndrome [12].
Usually, reports on the elongation of the SP are 
related to head and neck examination carried out due 
to exacerbated conditions and complications manife-
sted by pain [3, 5]. Analyses of craniological materials, 
especially those recovered during excavations or as 
part of osteological collections, are rare due to the 
fragility of this bone structure, and for that reason 
they may be a valuable source of information on the 
health of historic human populations.
The aim of the study was to carry out anatomical 
and anthropological evaluations of a case of elonga-
ted SP on the left side of a skull, and an attempt to 
analyse its biological effects on the quality of life of 
the studied individual.
MATERIALS AND METHODS
The analysis was carried out on a modern age 
skull, no. 8, from a male individual aged 55 years 
(maturus), obtained from a pre-World War II series 
of skulls of African slaves from Puerto Cabello, Vene-
zuela, and kept in the collection of bone materials at 
the Department of Anthropology, Polish Academy of 
Sciences in Wroclaw. The skull preservation was esti-
mated as calvarium. It had an incomplete number of 
permanent teeth (8 teeth in the upper alveolar arch) 
and distinct dimorphic features in the supraorbital, 
zygomatic and occipital areas. The skull had different 
sizes of styloid processes, with the longer axis of the 
left process and larger occipital condyle and mandi-
bular fossa on the right side. 
The sex and age at death of the individual were 
estimated based on the recommended skeletal and 
dental sets of diagnostic features, and based on the 
radiographic developmental characteristics of secon-
dary dentine [1, 6–8]. We analysed the supraorbital 
area and glabella for the expression of features, in 
temporal and zygomatic areas on both sides, and 
the squama of the occipital bone for the presence of 
external protuberance. In addition, we analysed the 
size of muscle insertions. For morphometric measu-
rements we used dedicated standard anthropometric 
equipment and electronic callipers (150 digimatic 
Mitutoyo).
We took basic craniofacial measurement (length 
and width), including orbital cavities and anterior 
nasal aperture, and distance between standard 
anthropometric points [8]. The imaging of the bone 
structure of the elongated SP was carried out using 
a computed tomography (CT) scan, with multilevel 
image analysis without contrast. Visualisation was 
performed using a dual source Siemens Definition 
Flash CT, with an effective radiation dose of 2 mSv.
RESULTS 
The analysed skull originated from an adult male 
and had morphological features (metric and descrip-
tive) of the Negroid race. In terms of basic anthro-
pometric features it had slightly greater facial width 
parameters in comparison to the neurocranial part, 
and shorter maximum cranial length (g-op) when 
compared to average values of morphological fe-
atures in African skulls revealed in the analysis of 
available data for craniological material from Ugan-
da. Measurements of the calvarium allowed for the 
creation of a profile presenting normalised values 
of differences between the measurements of the 
skull from Puerto Cabello and mean values from the 
measurements of skulls from male individuals from 
Uganda (Fig. 1).
The macroscopic analysis of morphological fea-
tures of the skull revealed an elongated left SP (ca. 
70.1 mm) on the skull base, together with secondary 
lesions resulting from a healed fracture, resembling 
callus (sagittal diameter of 6.6 mm). Bone hyperplasia 
occurred near the base of the SP (max. width 11.2 mm 
at the level of the callus) (Figs. 2, 3). However, the 
size of the right process was normal.
DISCUSSION
The normal length of the SP varies from 25.0 mm 
to almost 45 mm. Elongation of that process is defi-
ned when it is longer then 30–40 mm [15] and it is 
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described as anatomical anomaly. It appears in 2–30% 
in human adults [15]. Usually authors described more 
commonly unilateral elongation of the process [13]. 
Bilateral elongation is rare. The analysis of a CT image 
revealed, at the site of bone hyperplasia, the presence 
of previously formed pseudo-arthrosis, which due to 
bone hyperplasia later underwent secondary calcifi-
cation (Fig. 3). Fracture of the SP may be indicated by 
a longitudinal groove-shaped mark on the temporal 
bone and partly on the right occipital bone, about 
75 mm long, running almost vertically from the upper 
margin of the external auditory foramen towards the 
upper margin of the occipital bone, being most likely 
the result of a mechanical injury. The nature of the 
injury and its course imply an impact with a sharp-
-edged tool, causing, however, no damage to deeper 
layers of diploë or inner epidural skull structure [8]. 
As a result, the mechanical force acting on the right 
side of the head could have caused a sudden, non-
-physiological repositioning to the left side, leading 
to the fracture of the already calcifying ligament. We 
found no bone-related complications, either caused 
by the extracranial injury or fracture of the SP.
On the other hand the observed CT images may 
indicate on the presence of the unilateral ossification 
of the stylohyoid ligament. Clearly visible protrusion 
at the proximal end of the process may indicate the 
area of connection between ligament and process. 
Skrzat et al. [15] described that connection as a bul-
ge of bony mass in the middle parts of the ossified 
Figure 3. Computed tomography image of the skull from Puerto  
Cabello, with visualised elongated styloid process and its fracture site.
Figure 1. Values of anthropometric features in the skull from Puerto 
Cabello vs. values for skulls from Uganda; g-op — maximum cra-
nial length; eu-eu — maximum cranial breadth; ft-ft — minimum 
frontal breadth; ba-b — basion-bregma height; zy-zy — bizygomtic 
breadth; n-pr — upper facial height; mf-ek — orbits width;  
n-ns — nasal height; apt-apt — aperthion; spa — suprakonchion; 
sbk — subkonchion; SD — standard deviation.
Figure 2. The skull from Puerto Cabello with 3× magnification 
(right lower corner) of the elongated styloid process with visible 
area of fracture.
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complexes. Its presence may indicate the place of at-
tachment of the ligament to the SP. The bony bulge in 
the Puerto Cabello skull is situated too proximal to be, 
according to authors’ experience, a connection point 
between ossified ligament and elongated process. 
So the most probable cause of bony enlargement 
is a healed fracture. The length of the elongated SP 
is really overstandard [4], therefore the described 
structure was created during cooperation of two 
processes: elongation of the SP and calcification of 
the proximal end of the stylohyoid ligament. The line 
of the connection between two anatomical elements 
is invisible.
The elongation of the left calcified ligament and 
the slightly angular and anterior orientation of its api-
cal part could, however, have finally had an irritating 
effect on the structure of facial, mandibular, accessory 
and vagus nerves, running within the parapharyngeal 
space, and on sympathetic fibres running in the wall 
of cervical arteries. Trigeminal neuralgia undoubtedly 
developed due to the injury to the elongated SP, must 
have caused significant discomfort in the life of this 
individual [10, 12].
CONCLUSIONS
Clinical symptoms associated with mechanical 
effects of the asymmetrically elongated SP on the ad-
jacent anatomical structures usually include unilateral 
spontaneous neck pain on opening the mouth, spea-
king, mastication and yawning, and sometimes sharp 
pain while turning the head. In the analysed case, 
the revealed bone lesions could be associated with 
a slave lifestyle and all its consequences. We believe 
our findings can contribute to studies on the health 
status of slaves of African origin in South America.
ACKNOWLEDGEMENTS
The authors would like to thank the head of the 
Department of Anthropology, Polish Academy of 
Sciences in Wroclaw prof. Slawomir Koziel, for the 
opportunity to carry out tests on the osteological 
material derived from exotic skull collection.
REFERENCES
1. Acsădi GJ, Nemesceri A (1970) History of human life span 
and mortality, Akademia Kiado, Budapest.
2. Andrei F, Motoc AG, Didilescu AC, Rusu MC (2013) A 3D 
cone beam computed tomography study of the styloid 
process of the temporal bone. Folia Morphol, 72: 29–35.
3. Arkuszewski P, Przygoński A, Tyndorf M (2009) Eagle’s 
syndrome: report of rare case of bilateral elongation of 
styloid processes. Otolaryngol Pol, 63: 162–164.
4. Balcioglu HA, Kilic C, Akyol M, Ozan H, Kokten G (2009) 
Length of the styloid process and anatomical implications 
for Eagle’s syndrome. Folia Morphol, 68: 265–270.
5. Blackett JW, Ferraro D J, Stephens JJ, Dowling JL, Jaboin JJ 
(2012) Trigeminal neuralgia post-styloidectomy in 
Eagle syndrome: a case report. J Med Case Rep, 6: 333. 
doi:10.1186/1752-1947-6-333.
6. Buikstra J, Ubelaker DH (1944) Standards For Data Collec-
tion From Human Skeletal Remains. Arkansas Archeologi-
cal Survey Research Series, 44.
7. Lovejoy CO (1985) Dental wear in the Libben population: 
its functional pattern and role in the determination of adult 
skeletal age at death. Am J Phys Anthropol, 68: 47–56.
8. Miles WAA (1963) The dentition in the assessment of 
individual age in skeletal material. In: Brothwell DR eds. 
Dental anthropology. Pergamon Press, New York, Paris, 
pp. 191–209.
9. Mishra S, Krithika C, Sudarshan R, Selvamuthukumar S, 
Ramani P, Maheswari S (2013) Elongated styloid process. 
A review. J Pharm Biomed Sci, 36: 1871–1876.
10. Oliveira CM, Baaklini LG, Issy AM, Sakata RK (2009) Bilate-
ral trigeminal neuralgia: case report. Rev Bras Anestesiol, 
59: 476–480.
11. Piagkou M, Anagnostopoulou S, Kouladouros K, Piagkos G 
(2009) Eagle’s syndrome: a review of the literature. Clin 
Anat, 22: 545–558.
12. Prasad K, Kamath M, Reddy K, Raju K, Agarwal S (2002) 
Elongated styloid process (Eagle’s syndrome): a clinical 
study. J Oral Maxillofac Surg, 60: 171–175.
13. Scaf G, de Freitas DQ, de Castro Monteiro Loffredo L (2003) 
Diagnostic reproducibility of the elongated styloid process. 
J Appl Oral Sci, 11: 120–124.
14. Sokler K., Sandev S (2002) Styloid process length. Coll 
Antropol, 25: 627–632.
15. Skrzat J, Mróz I, Walocha J, Zawiliński J, Jaworek JK (2007) 
Bilateral ossification of the stylohyoid ligament. Folia 
Morphol, 66: 203–206. 
16. Wchuang C, Short JH, McKinney AM, Anker L, Knoll B, 
McKinney ZJ (2007) Reversible left hemispheric ischemia 
secondary to carotid compression in Eagle syndrome: 
surgical and CT angiographic correlation. Am J Neurora-
diol, 28: 143–145.
